between the degree of severity of anaemia and of ventricular dilatation.
Introduction
Each winter in the British Isles old people die at home as the result of cold. Indeed, accidental hypothermia (deep body temperature below 35°C) is now recognised as one of the natural hazards of old age. The problem is not simply one of unintentional accidental hypothermia resulting from a fall or accident at home and subsequent immobilisation and exposure, nor one entirely associated with concurrent illness1 2; spontaneous hypothermia also occurs among apparently fit elderly people.3 4
The main objectives of our investigations were to clarify the physiological basis of the ageing process in thermoregulation and to try to identify by physiological means those members of an elderly population sample living at home who seem likely to be at risk of developing hypothermia. We performed cross-sectional and longitudinal studies of a group of elderly volunteers; we obtained temperature profiles in their homes and made subsequent physiological studies in the geriatric research unit at University College Hospital, London, during the winter months (January-March) of 1972 and 1976.
Methods
We studied 47 All of the above thermoregulatory function tests were also carried out on a group of fit, young adults aged under 45 years. Thirty young subjects were tested in 1972 (with the exception of thermal perception measurements) and a further 10 were tested in 1976.
Results and comment DOMESTIC TEMPERATURE SURVEYS
The survey in 1976 showed that little had changed in the environmental temperatures in the home or in socioeconomic conditions since 1972 (table I) . External environment, room, and deep body temperatures (oral and urine temperature) were not significantly different. In both surveys mean morning living room temperatures were slightly below, and mean evening temperatures slightly above 18-3'C, the minimum level recommended by the Parker-Morris report on council housing.'" Hand temperature, a measurement of the body shell temperature approximating to the mean of skin and subcutaneous tissue, was slightly lower in 63°O of the elderly people in 1976 than in 1972. This was so for both morning and evening hand temperatures, the differences between the two years being significant at the 2%o level.
The gradient between the deep body and hand temperatures was greater in the 1976 survey, though not significantly so. Thermal comfort votes were the same in 1972 and 1976, but more subjects in 1976 perceived that their hands were "cooler" than in 1972 (table I) . The difference was not statistically significant. The number of reports of the hands being "much too cool" (a reading of 7 on the hand comfort scale) increased from 5 in 1972 to 9 in 1976. In more than 90 comparisons (morning and afternoon) for oral temperature and a similar number for urine temperature clinical thermometer and Temtake readings were not significantly different. The Temtake thermometer was regarded as highly acceptable by most of the elderly subjects and the observers found it to be convenient and reliable for taking oral and urinary recordings in the home.
No cases of hypothermia were discovered during the two surveys, though two women were found to be in the "low-temperature" In the four years between the tests there was a measurable deterioration both in terms of symptoms and in the incidence of recognisable disease (table II) . Both mean height and weight had slightly decreased but surface area per kg body weight and skinfold thickness had not changed significantly. Mean systolic blood pressure had increased over four years and there was a higher incidence of orthostatic hypotension. Overall there was a lower MTS in 1976 but this decrease was not significant. A fall in MTS has been attributed to a rising incidence of dementia with age, particularly in women,8 a diagnosis of dementia being indicated when the MTS is less than 13. In the present series scores less than 13 were found in three people (two women) in 1972 and in seven (six women) in 1976. Few of the 47 elderly subjects had been admitted to hospital, and the incidence of the diseases of old age was not high. On the whole these subjects might be considered to be a reasonably fit cross-section of the elderly population.
THERMOREGULATORY RESPONSES
Body temperatures-Forty-five elderly subjects were investigated on the test bed, and two had mild fever at rest (aural temperature >375'C). The results of these two subjects were excluded from the analysis. Deep body (aural) temperatures before the test and at the end of the neutral, cooling, and warming stages were not significantly different in 1972 and 1976 (table A*). The weighted mean skin temperature from eight sites on the body surface, however, showed an increase from 1972 to 1976 at all stages except at the end of the warming period. The differences were statistically significant, as were the core-shell temperature gradients for the two years.
Hand blood flow-As has been reported,9 13 abnormalities in peripheral (hand) blood flow in response to warming and cooling occur often in elderly subjects. Various patterns of this response have been described, but for our analysis we classified blood flows as normal (see figure, A)-that is, with vasoconstriction on cooling and vasodilatation on warming-and abnormal (see figure, B Sweating-All the young subjects started to sweat during the 46 minutes of warming; only half the elderly group started to sweat during this time. The elderly subjects who did not sweat attained similar mean skin temperatures but lower mean deep body temperatures than the elderly who sweated by the end of the warming period (table C). Some of the non-sweaters, of course, may also have been induced to sweat had the warming period been extended. The deep body temperature at sweat onset was not significantly different in the old and young, but it was significantly higher (P < 0 002) in the elderly in 1976 (37-11 +0-18°C) than in 1972 (36-96 +0-17'C).
Thermal discrimination-Digital thermosensation was tested in 1976. In confirmation of the earlier findings, the thermal perception of warmth and cold was very different (P < 0 01) in young and old. Twenty young subjects could perceive mean temperature differences of 0 8±0 2°C (cold) and 0 9±0 2°C (warm), while elderly subjects could discriminate only between a mean temperature difference of 2 3 ±05°C (cold) and 2-5 ±0 8°C (warm). Peripheral blood flow patterns-Since the test of thermoregulatory function was designed to study the zone of vasomotor regulation, a logical basis for analysis is to divide the elderly subjects into normal and abnormal (non-constrictor) groups. The 1972 and 1976 data were compared for (a) subjects with normal blood flow in both years, (b) subjects who were normal in 1972 but abnormal in 1976, and (c) all the subjects with abnormal blood flow in 1976 (table D) . There was a significant trend in these subject groups showing an increasing incidence of low resting blood flow, the presence of shivering, and postural hypotension. There was a highly significant (P < 0.001) difference in resting blood flow levels between normal and nonconstrictor subjects for each year. Low resting blood flow seems to be a characteristic of the non-constrictor type of response. There were no differences between the groups in the proportion showing absence of sweating or in the number who had been prescribed psychotropic drugs-for example, chlorpromazine-or cardiovascular drugs-for example beta-blockers, coronary vasodilators.
These variables were also compared with results obtained in three hypothermic patients. The hypothermic responses were similar to those of the non-constrictor subjects and significantly different from those of the normal group.
The results of the analysis of blood flow patterns suggest a possible basis from which early signs of autonomic and thermoregulatory dysfunction may be recognised. Some of the physiological responses of the non-constrictor group closely resembled those of patients who had suffered episodes of hypothermia. These responses might also be considered to characterise the category of elderly people most likely to be at risk from hypothermia.
Discussion
In the survey of temperature profiles in the elderly in 19725 10% of the Camden series were found to be in the lowtemperature category with urinary temperatures of 35 0-35-5°C. Many of these elderly people had a diminished core-shell (Uritemp-hand) temperature gradient (mean value 2*9GC, compared with 4 6°C for the rest of the elderly population) and were thought therefore to have some degree of thermoregulatory failure. The smaller subsample considered in this paper showed a slightly increased gradient in the 1976 survey compared with 1972, when hand temperatures were used to estimate the temperature of the body's shell. In the bed tests, however, using a weighted total body measurement of skin temperature, the gradient was found to be significantly smaller in 1976 during the resting, neutral, and cooling stages, which suggests that thermoregulation was less efficient in 1976. Wagner One important manifestation of dysfunction in the autonomic nervous system is orthostatic hypotension, a function of pressoreceptor activity, which seems to deteriorate in many elderly people. Orthostatic hypotension is likely to be a significant factor in predicting the loss of thermoregulatory efficiency since it correlates with abnormal (non-constrictor) patterns of peripheral blood flow. In the incidence of hypothermia it also plays another subsidiary part, for postural hypotension is regarded as a significant cause of falls in the elderly. '2 The physiological studies reported in this paper confirm, both on a cross-sectional and longitudinal basis, that there is an agerelated decline in autonomic nervous function which leads to impairment of thermoregulatory capacity in a high proportion of old people. Apart from identifying those elderly people with deep body temperature in the low range, which may indicate incipient hypothermia, a profile of autonomic nervous dysfunction, orthostatic hypotension, and a diminished core 
